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43. Human beings too are creatures of this world, enjoying a
right to life and happiness, and endowed with unique dignity.
So we cannot fail to consider the effects on people’s lives of
environmental deterioration…
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24. Warming has effects on the carbon cycle. It creates a
vicious circle which aggravates the situation even more,
affecting the availability of essential resources like drinking
water, energy and agricultural production in warmer regions,
and leading to the extinction of part of the planet’s
biodiversity. The melting in the polar ice caps and in high
altitude plains can lead to the dangerous release of methane
gas, while the decomposition of frozen organic material can
further increase the emission of carbon dioxide. Things are
made worse by the loss of tropical forests which would
otherwise help to mitigate climate change. Carbon dioxide
pollution increases the acidification of the oceans and
compromises the marine food chain. If present trends
continue, this century may well witness extraordinary
climate change and an unprecedented destruction of
ecosystems, with serious consequences for all of us. A rise in
the sea level, for example, can create extremely serious
situations, if we consider that a quarter of the world’s
population lives on the coast or nearby, and that the
majority of our megacities are situated in coastal areas.
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The Numbers Game
• World population doubled between 1900 and 1960.
• It doubled again between 1960 and 2000.
• Every person 45 years old and older has lived through
at least a doubling of the human population.
• Population growth rate peaked between 1963 and
1968 (2.2%).
• 6.5 million people are added to the global population
every month (6.3 million in the developing world; >
207,000 humans per day

Fritz Haber, Nobel Laureate, 1918
N2 + 3H2

2NH3

•This reaction is why food today
is so plentiful and relatively cheap.
• Commercial production began in 1913.
•This reaction grows the plants that feed
the animals and produce the oils,
sugars, meats and grains that we
consume.
•His efforts were subsequently used for
the preparation of explosives and
chemical weapons.

The Organic Conundrum
• Population: currently ~7.2 billion; projected
increase to 9.5 billion by 2050 (U.N. estimates)
• A need for “fixed” nitrogen (NH3) in order to grow
crops
• Organic agricultural methods can “fix” enough
nitrogen to feed ~2 billion people, assuming no
• Shifting geography of growing regions
• Shifting climate patterns
• Virtually all of the world’s usable land is currently
being cultivated.

How do we Feed, Nourish & Heal 7.2 Billion
Brothers and Sisters?
• Science and Technology facilitated the population
explosion.
• It is unrealistic to rely on Nature to provide
sustenance in a world where 97% of the 6.5 million
people born every month are in the developing world.
• Genetic evolution created creative, brilliant, flexible
and social primates.
• Can we use our newfound understanding of biology to
help address human suffering?

Food Challenges
• 70% of available fresh water is used for irrigation.
• Feeding more people used to mean farming more
land – this is no longer possible as virtually all
arable land has been cultivated.
• The rising numbers in the middle classes in
developing countries are stressing food supplies
and the environment.
• Agriculturally, farmers depend on a consistent
climate.
• By 2050, the world will have to produce 70% more
food!

From Pope Francis’ LAUDATO SI’
95. …the New Zealand bishops asked what the commandment
“Thou shall not kill” means when “twenty percent of the
world’s population consumes resources at a rate that robs the
poor nations and future generations of what they need to
survive”.

World’s Countries by Population

Bangledesh
• Farmers are required to spray
pesticides ~140 times a
season to keep fruit borer
away from brinjal (eggplant).
• Pesticide poisoning in
groundwater is a chronic
health problem in rural areas.
• Poverty and malnutrition are
pervasive.

Bacillus thurengiensis – Bt

a Controversial Natural Soil Bacterium
• Bt produces a protein that kills a number of “borer” insects.
• When brinjal (eggplant) has a gene from Bt incorporated into its
genome, the plant requires no pesticide treatments.
• The protein is non-toxic to humans and other insects.
• Yields are nearly double and pollution from pesticides is minimal.
• Organic farmers use Bt (the entire bacterium) sprays as natural
pesticides.
• Bt brinjal is one of the first GM food crops grown in the developing
world.
• GM food crops are banned virtually everywhere else.

Biotechnology – We already use it
(and have been for thousands of years…)

• Most of the cotton grown in the world is
genetically modified to resist the devastating
bollworm.
• 50% of the world’s soybeans (93% of U.S. soy) and
a third of the world’s corn (90% in the U.S.) is
genetically modified.
• Almost all medication is accessed through
molecular modification (Organic Synthesis).
• Synthetic Biology will soon allow for inexpensive
access to innumerable medications.

Looking for Genetic Clues
Wind and Flood Tolerant Rice

• In the Philippines, typically a typhoon will result in the loss of an
entire rice crop – look for the survivors. Sequence the survivors.

Protesting and Uprooting Test Fields

Why Modify?
• Plants naturally evolve to resist insects, blight,
drought, saline, wind, frost – but it takes
thousands of years.
• With changes in climate occurring on more rapid
time domains, many of these natural changes
cannot occur. Find genes responsible for
resistance and activate them or transfer them.
• Identifying the genes responsible for synthesis of
nutrients – finding and moving or inserting these
genes can increase crop yield and improve public
health.

Golden Rice – an answer to Vitamin A Deficiency

White Rice vs. Golden Rice
GMO debate in the Philippines - PBS

• Natural vs. Genetically Modified
• Vitamin A deficiency is a significant cause of
blindness and death of up to 2 million children
around the world every year.
• By activating the gene for β-carotene - already
active in the rice leaves - in the rice grain itself, the
edible part of the rice becomes a source of a
crucial nutrient.
• Much of this outstanding science is being carried
out in the Philippines (IRRI).
• Golden Rice is prohibited throughout Africa.

Ringspot Virus Plagues Papayas in Hawaii
• Transmitted by insects, Ringspot virus destroyed
papaya crops.
• Selective breeding, quarantine, crop rotation –
nothing helped.
• Transferred a gene from the
harmless protein coat of the virus
into the papaya’s DNA.
• Approved by USDA and
FDA in 1997 (people had indeed
been eating the virus for decades
in infected fruit)

Slate Magazine

Safety?
• 100’s of safety studies conducted on 6 continents show
no evidence that GMOs are unsafe for human
consumption.
• These studies are backed unequivocally by AAAS, WHO,
AMA and NAS.
• In many ways, genetically modified crops are
environmentally safer than crops needing repetitive
treatments of herbicides or pesticides.
• Mutations in nature are more random and not as well
understood.
• But you cannot look at all GMOs under the same lens.

Roundup® Ready Seeds
• These GM plants (Corn, Soy, Cotton) are tolerant to
glyphosate herbicides that kill indigenous weeds.
• Encourages excessive use of herbicides.
• Weeds evolve in response to monoculture approach to
farming.
• Same company that sells the seeds, markets the weed
killer.

So, What Should We Do??
•
•
•
•

Should we just play it safe and ban modification?
Why is it so difficult to get GM crops to market?
Should we label produce?
If so, what should the labels say?

Slate Magazine

